Res., 94, 1989, nos. D9 and D14; 97, 1992, no. DS; 102, 1997, D3; Science, 261, 1128 Science, 261, -1158 Science, 261, , 1993 Geophys. Res. Lett., 17, no.4, 1990; 23, no.23, 1994 23, no.23, ), balloons [e.g. Ridley et al., 1984 23, no.23, , 1987 Kondo et al., 1996 Kondo et al., ,1997 Jucks et al, 1996; Renard et al., 1996 Renard et al., ,1997 Osterman et al., 1997; Sen et al, 1998 ], ground-based [e.g. McKenzie et al., 1991; Johnston et al., 1992; Koike et al., 1993 Koike et al., , 1994 Koike et al., , 1998 , limb infrared monitor of the stratosphere (LIMS) satellite [e.g. Gille et al., 1984; Russell et al. 1984] , and the atmospheric laboratory for applications and science (ATLAS) series of Shuttle missions [e.g. Kaye and Miller, 1996; Rinsland et al., 1994] . The aircraft measurements revealed many interesting features of the nitrogen species behavior in the stratosphere, for example, saturation of the NOx/NOy ratio as a function of aerosol surface area above ,,_5 #m2/cm 3 [Fahey et al., 1993] and denitrification in polar stratospheric cloud (PSC) regions [Fahey et al., 1990] . However, such measurements are limited by the ER-2 ceiling altitude (,_20 km), and their coverage is limited by aircraft paths and duration of flights. The balloon measurements mentioned can provide vertical profiles of several species up to 60 km [Osterman et al., 1997] , but, again, these data have very limited coverage. The ground-based measurements of NO2 and HNO3 give the vertical profiles and column values of these species [McKenzie et al., 1991; Nolholt, 1994; Johnston et al., 1992; Koike et al., 1993 Koike et al., , 1994 . Such measurements could provide long data sets, however, they are limited to particular stations and their analysis could be affected by prevailing local meteorological conditions. The LIMS sampling has given a near-global picture of temperature, ozone, H20, NO2, and HNO3 distributions during the October 1978-May 1979 period, which has been useful in validating global photochemical models [Jackman et al., 1987; Rood et al., 1993] . The ATLAS series provide the most comprehensive set of atmospheric species sampled, but these data have a limited temporal coverage (8-11 days) [ Kaye and Miller, 1996] . et al., 1991; Brasseur and Granier, 1992; Pitari and Rizi, 1993; Bekki and Pyle, 1994; Kinnison et al., 1994; Rodriguez et al., 1994; Tie et al., 1994; Solomon et al., 1996; Rosenfield et al., 1997; Weisenstein et al., 1997] . Additionally, the ground-based measurements detected the increase of HNOz and decrease of NO2 columns after the Pinatubo eruption [Johnston et al., 1992; Koike et al., 1993 Koike et al., ,1994 David et al., 1994; Preston et al., 1997; Slusser et al., 1997 Slusser et al., , 1998 Van Roozendael et al., 1997] Table 2 and discussed in the following subsections.
2.3a. NO v
The first way is to define total nitrogen NO v (= NO + NO2 + NO3 + HNO3 + 2xN205 + 
(2) in the above equation NOy and N20 are in ppbv. These empirical N20-NOy correlations are valid for N20>50 ppbv (below ,_,10 mbar) [Fahey et al., 1990; Prather and Remsberg, 1993] .
Above this altitude, destruction of NOy via photolysis of NO followed by the N + NO----+ N_ + O reaction cause the correlation curve to turn over. Above these altitudes, we use NO U or utilize the correlations derived from ATMOS (see Figure  2 and discussion below). These two approaches can be used to initialize our box model only until May 1993, since the CLAES cryogen supply was exhausted after that time. et al., 1998; Kondo et al., 1998 ] also
show that current photochemical models with heterogeneous chemistry underestimate the NO_ amount in the stratosphere.
To investigate the altitudinal-latitudinal dependence of the NO_/NOy ratio, we present results in Figure 5 for January 1993 between 68 and 4.6 mbar. The UARS NO_/NOy ratio is shown by the cyan, blue and green symbols for the UARS, N20, and CH4 approaches, respectively (see Table  1 ). Since the HNO3 content in the stratosphere is expected to increase after the volcanic eruptions due to enhanced N205 hydrolysis [Rodriguez et al., 1991 [Rodriguez et al., , 1994 Brasseur and Granier, 1992; Bekki and Pyle, 1994; Kinnison et al, 1994; Risland et al., 1994] , it is interesting to see how the CLAES HNO3 distribution did react to the Pinatubo eruption to check for consistency between UARS and the model picture of this event. Figure  7 shows the change of the HNO3 Figure  2 ).
On the other hand, the situation in the northern mid-latitudes is quite different, perhaps, due to the asymmetric QBO-like effects [Gray and Ruth, 1992; Kumer et al., 1996a] . Changes in N()y larger than -4 ppbv (inferred from CLAES N20) are present in a quite noticeable part of the stratosphere above 50 mbar in northern tropics and mid-latitudes. However, the HALOE instrument has seen somewhat smaller perturbation in the CH4 field in this region as shown in the bottom panel of Figure  2 via the CH4-NOv correlation. show some similarities with Figure  7 . However, they also demonstrate that dynamical perturbation of the long-lived tracers such as N20 and CH4 (translated into NOu change in the middle and bottom panel of Figure 2 ) was so strong in some locations (especially near 20 mbar at 20°N) that its fingerprint was observed in the HNOa field as a negative change ( Figure  7) Lary et al., 1996; Morris et al., 1997; Sen et al., 1998 ]. 
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